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Summary   The development of methods for deter-
mining the feasibility of weed eradication is currently 
an area of considerable activity. A distinctive feature of 
many weeds, as opposed to other pest organisms that 
are targeted for eradication, is their capacity to develop 
aggregations of a resting stage (seed banks) that can 
persist for many years, even where further seed inputs 
are prevented. Weed seed bank dynamics are therefore 
an important determinant of the duration of an eradica-
tion program, hence the total effort required to achieve 
this objective. Often little or nothing is known about 
the potential seed longevity of a species that is being 
considered as a target for eradication. Where this is the 
case, there appears to be no reliable substitute for real-
time, fi eld studies on seed longevity. However, such 
studies can provide a reasonably rapid identifi cation 
of those weeds whose seed banks are either transient 
or relatively short-lived. While there is some scope to 
deplete seed banks through active management, e.g. 
through removal of vegetation and/or soil disturbance, 
most treatments may have little effect upon seeds that 
are highly dormant. Furthermore, their use would 
appear to be limited to rather small areas for either 
practical or ecological reasons.
Keywords    Eradication,  seed bank.

INTRODUCTION
Eradication is a weed management strategy that is 
appealing because the alternatives of containment 
or broadscale control require permanent, ongoing 
investment of time and money, unless effective bio-
logical control can be achieved. Eradication programs 
are generally very expensive, so it is important to be 
reasonably confi dent that the objective can be achieved 
before committing to such a strategy. In their analysis 
of the factors determining the feasibility of weed 
eradication, Panetta and Timmins (2004) highlighted 
the importance of the degree of persistence exhibited 
by weed seed banks. In addition, seed longevity was 
found by Cunningham et al. (2003) to be one of the 
four variables that signifi cantly infl uence the cost of 
an eradication program. Information on potential seed 
longevity is generally scant or nonexistent when the 
eradication option is being considered (Panetta and 
Timmins 2004). It is therefore important to deter-
mine the scope for addressing such uncertainty in a 
timely manner, as well as to explore the potential for 

reducing seed persistence by actively managing weed 
seed banks. This paper draws upon studies document-
ing a range of seed bank dynamics in order to consider 
the implications for both the determination of eradi-
cation feasibility and the formulation of eradication 
strategies.

THE NATURE OF SEED BANKS
In 1979 Thompson and Grime published an ecological 
classifi cation of the seed banks developed by species 
of temperate regions. Their four categories comprised 
two types of transient seed bank (where none of the 
seed output remains in viable condition for more than 
one year) and two types of persistent seed bank. While 
this classifi cation was created with particular fl oras in 
mind, it would appear to be useful for weeds targeted 
for eradication in a range of ecological contexts. 
Recent studies on the seed bank dynamics of bird-
dispersed weeds of south-eastern Queensland have 
indicated, for example, that these plants commonly 
have relatively short-lived seed banks (Panetta and 
McKee 1997, Panetta 2000, Panetta 2001, G. Vivian-
Smith unpublished data). This is also the case for 
Annona glabra L., a Weed of National Signifi cance 
(Setter et al. 2004). Maximum propagule longevity 
would contribute little to the impedance to eradication 
(Panetta and Timmins 2004) posed by incursions of 
such species. However, this is clearly not the case for 
species that develop persistent seed banks.

CAN SEED LONGEVITY BE PREDICTED?
The persistence of seed banks is a function of the be-
haviour of populations of individual seeds. Apart from 
physical displacement of seeds, losses to the seed bank 
occur as a result of seed mortality (e.g. through preda-
tion, microbial attack and age-related loss of viability) 
and germination. Owing to the diffi culty of recovering 
seeds from the soil, there have been few attempts to 
partition total seed losses into each of these categories. 
However, the widely accepted view is that germina-
tion, whether or not followed by seedling emergence, 
is generally the dominant process by which seed bank 
depletion occurs (Cook 1980, Rees and Long 1993). 
Another broadly held assumption is that long-lived 
seeds (those lasting for more than one year) suffer 
a constant probability of disappearing from the seed 
bank, either through death or germination. According 
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to this assumption, seed loss is independent of seed 
age. By fi tting negative exponential relationships to 
temporal changes in seed numbers it has been possible 
to predict the future size of a seed bank as a function 
of its initial size and either time alone, or time in 
combination with other variables, such as soil type, 
cultivation regime and depth of burial (Roberts and 
Dawkins 1967, Roberts and Feast 1973, Lonsdale et 
al. 1988, Hill et al. 2001). However, Lonsdale (1988) 
challenged this latter assumption, and a detailed 
analysis of data on the seed bank dynamics of 145 
species of arable weeds found that, in fact, seed banks 
do not generally have a negative exponential pattern 
of decay (Rees and Long 1993). In terms of forming 
estimations of eradication feasibility for weed incur-
sions, however, the largest problem with the negative 
exponential model is that it embodies the assumption 
that seed number approaches zero asymptotically 
(Cousens and Mortimer 1995). Thus, even where this 
model could provide reliable estimates of rates of seed 
bank exhaustion, it is still not an appropriate tool for 
estimating maximum seed longevity.

A related difficulty in obtaining estimates of 
potential seed longevity through extrapolations from 
fi tted models arises from observations made on some 
weeds of agricultural systems. While their seed banks 
may be depleted fairly rapidly over the short term (es-
pecially where management regimes involve frequent 
soil disturbance and prevent further seed input), the seed 
population may in time be reduced to a component that 
is deeply dormant, thus highly persistent (Miller and 
Nalewaja 1990, Davis et al. 1993, Cavers et al. 1995). 
Frequency distributions of weed seed longevity are 
highly skewed in these instances, with the result that 
dispersal in time (longevity) mirrors the leptokurtic dis-
tributions that have been postulated for the dispersal in 
space of seeds of some species. The latter distributions 
have ‘fat’ tails that decline more slowly than exponen-
tially (Clark et al. 1999). Just as it is virtually impossible 
to predict the furthest a seed may be dispersed after it 
leaves the mother plant, so it may prove impossible to 
predict how long it will persist in a viable condition. 
Extremes in behaviour are involved in both cases, but 
such extremes may have considerable biological and 
ecological signifi cance. In addition, when events occur 
at relatively low frequencies, more will occur in absolute 
terms when larger numbers of individuals are involved. 
This highlights the importance of the size of a seed bank 
when an eradication program is commenced. 

There have been a number of attempts to predict 
persistence in soil as functions of seed size and shape. 
Bekker et al. (1998) reported that the seeds of British 
herbaceous plant species were more likely to persist 
for long periods in the soil seed bank if they were small 

and/or rounded than if they were larger, elongated or 
fl attened. The responsible mechanism is presumably 
ease of burial (Thompson et al. 1993). The best single 
predictor of the longevity index utilised by Bekker et 
al. (1998) was the product of seed mass and a shape 
index that varied between zero (perfectly spherical) 
and 0.2 (shaped like a slim disk or needle). Their pre-
dictive model was improved by including the depth 
distribution of seeds. For the New Zealand fl ora, Moles 
et al. (2000) found that seed size and shape were not 
related to persistence in the same way as in Britain. 
While species with transient seeds tended to have 
larger seeds than those with persistent seeds, there 
was no signifi cant difference in seed shape between 
species with transient vs persistent seeds (Moles et al. 
2000). Australian studies have either failed to fi nd a 
relationship between seed size and persistence in the 
soil (Leishman and Westoby 1998), or have found a 
positive correlation between seed size and persistence 
of buried seed, at least over the short term (Moles et al. 
2003). The lack of broadly consistent fi ndings across 
a range of regions, habitats, life forms and taxonomic 
groups suggests that this approach will not provide a 
reliable basis for estimating potential seed longevity of 
species that are under consideration for eradication. 

A fi nal complication is that seed persistence can 
vary markedly from site to site (e.g. Lonsdale et al. 
1988, Hill et al. 2001) as a result of differences in soil 
type, climate and management. For the herbaceous 
species that Bekker et al. (1998) examined, it was 
concluded that the depth distribution of seeds within 
the soil profi le was a site dependent variable that 
could explain much of the intraspecifi c variation in 
seed longevity observed between sites. 

For all of these reasons I conclude that there is 
currently no acceptable substitute for fi eld observa-
tions in the determination of seed longevity. Where 
species have highly persistent seeds, a requirement 
for real-time observations will mean that reasonably 
reliable estimates of the amount of effort required 
for eradication (Panetta and Timmins 2004) may 
not become available for some years. However, fi eld 
experimentation should be able to provide a relatively 
rapid identifi cation of species whose seed banks are 
transient or relatively short-lived. 

SCOPE FOR MANAGEMENT
The baring of soil, consequent to the removal of veg-
etative cover through physical means, application of 
herbicides or fi re, may lead to increased germination 
of weed seeds. Herbicides have been used to stimu-
late germination in eradication programs where seed 
banks are known or suspected to be long-lived, as for 
several leguminous weeds in the Kermadec Islands 
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(West 2002) and Chromolaena odorata (L.) R.M. King 
& H. Robinson in north Queensland (V. Little, pers. 
comm.). However, care must be taken that new plants 
are controlled before they reproduce, and frequent 
removal of vegetation on a broad scale may promote 
unacceptable levels of soil erosion. 

Disturbance of the soil has been traditionally used 
in agricultural contexts as a means of stimulating weed 
germination. However, the depth to which the soil is 
disturbed is critical; tillage may have an undesirable 
effect if the dormancy of a component of the seed 
population is increased through its movement to lower 
levels in the soil profi le (see references in Baskin and 
Baskin 1998, p. 154). Furthermore, the component 
of a seed population that is highly dormant (Miller 
and Nalewaja 1990, Davis et al. 1993, Cavers et al. 
1995) may not respond. Broadscale soil disturbance 
is generally feasible only in arable situations. This 
management tool may, in fact, be more useful later 
in an eradication program, by acting as a germination 
stimulant when it is suspected that the seed bank has 
been largely (or entirely) depleted. 

Other means of reducing soil seed banks, such 
as fumigation (used currently in the South Australian 
effort to eradicate Orobanche ramosa L.) and solari-
sation are very expensive and are probably limited 
in their application to eradication targets found in 
agroecosystems. However, these methods are likely 
to kill all seeds that are exposed to them, regardless 
of seed dormancy status.

DISCUSSION
While eradication in a strict sense is not achieved until 
no living trace of a weed remains, a weed infestation 
may become effectively moribund when seed banks 
reach low densities, since it will become prone to 
stochastic extinction (Shaffer 1981), as it presumably 
was during the colonisation phase. Since extinction is 
an event that is determined probabilistically, it is dif-
fi cult to defi ne critical population levels – a population 
simply becomes more prone to extinction as it becomes 
smaller. Owing to the infl uence of a number of factors, 
seed densities will need to be lower on some occasions 
than on others for ‘the wheels to fall off’ an infesta-
tion. Thus, stochastic extinction is a phenomenon that 
weed eradicators cannot rely upon, but one that will 
probably assist eradication programs in a non-trivial 
number of cases, provided that seed banks have fallen 
to very low densities.

Seed longevity interacts with a number of other 
determinants of eradication feasibility (Panetta and 
Timmins 2004). Plants that are able to reproduce, either 
because they escape detection or survive control meas-
ures, can pose a signifi cant impediment to eradication 

efforts. Freshly produced seeds may extend the life of 
the seed bank, as well as contribute to the development 
of new (and potentially distant) infestations, depending 
on dispersal mechanisms. The impact of such ‘repro-
ductive escape’ (RE) upon eradication prospects will 
vary according to potential seed longevity and the 
time during the program when such escape occurs. 
The consequences of RE are expected to be greatest 
when it occurs relatively late in the eradication program 
and when seeds are long-lived. The functional nature 
of seed survivorship is also important – the impact of 
RE upon eradication prospects is likely to be greater 
when survivorship is age-related. In this case RE ef-
fectively ‘resets the clock’ for the seed bank, in contrast 
to the situation where the probability of loss from the 
seed bank is independent of seed age (see earlier dis-
cussion). RE is inversely related to the ease of weed 
detection and is also a function of juvenile period, the 
latter being important where return visits to an infesta-
tion are too infrequent to control plants before they can 
produce seeds (Panetta and Timmins 2004).

Few successful weed eradication programs have 
been documented. Two of these (Helenium amarum 
(Rafin) H.L. and Eupatorium serotinum Michx.), 
required 39 and 18 years to complete, despite the 
fact that relatively small areas (50 ha or less) were 
infested (Tomley and Panetta 2002). In neither case 
was potential seed longevity known at the outset. It 
is notable that the apparently successful eradication 
program targeting a very large incursion of kochia 
(Bassia scoparia (L.) A.J.Scott) in Western Australia 
has involved a species whose seeds are short-lived 
(Dodd and Randall 2002).

Decisions regarding whether to attempt eradica-
tion are generally couched in uncertainty. Not only is 
there usually considerable uncertainty regarding the 
distribution and extent of infestations, but very little 
may be known about a target’s life history. With the 
recognition that timeliness of action is paramount 
when dealing with weed incursions, it is suggested that 
potential eradication targets should be accorded provi-
sional eradication status until such time as the amount 
of effort required to achieve eradication (Panetta and 
Timmins 2004) can be estimated with some confi -
dence. Species could be expected to remain provisional 
targets for several years, providing suffi cient time for 
a qualitative appraisal of seed bank persistence (i.e. 
transient vs persistent), as well as a better-informed 
estimate of the extent of the incursion.
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